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Twenty Five Years of DNA Analysis

e Established ICI (Astrazeneca) in 1987
e Specialist Forensic DNA analysis

IIIIII

e One of Europe’s largest paternity testers
e Contracted to >80% of UK police forces
e Approx 475 UK employees

e A LabCorp company since 2011
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Background to the problem

e The increasing sensitivity of DNA analysis methods and their
use in a wider range of case types has resulted in more
mixtures:
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Interpretation procedures prior to likeLTD

e Match probability for single source profiles (or major/minor)

e LR method for 2 person mixtures where both individuals are
fully represented

e “Dlugosz” expert opinions without statistical evaluation of the
match in a limited number of cases

— Court of Appeal Ruling R v Dlugosz, R v Pickering and R v MIDS
([2013] EWCA Crim 2)
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Distribution of DNA results - volume crime

0 Mixture
0 Single source
m Negative

Based on 9165 samples (3 months data)
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Breakdown of mixture results

= Unresolved mixture
® Unresolved partial mix
m Partial Major/Minor
= Complete Major Minor
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Profiles suitable for analysis
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e Low level mixture
e 2 contributors?

e Suspect + unknown
e Allele dropout

e 3replicates
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Profiles suitable for analysis (continued)
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e 3 contributors?

e Suspect + victim +
unknown

e No apparent dropout

e 2 replicates
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DNA Resolve — Cellmark Forensic Services

e Uses likeLTD software written by Prof. Balding (UCL London)
combined with a Cellmark user-interface

e Models allele drop-out using Tvedebrink statistical model
e QOption to include allele drop-in

e Can deal with a maximum of 2 unprofiled contributors in a
mixture

e Multiple replicates can be analysed
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likeLTD input files (.csv)

e Crime stain file

@n Profiling system Plate/Run D3 vWA D16 D2 D8 \
CSP  SGM+ F2 Allelic 14,15,16,17,18 14,15,16,17,18 10,11,12,13 17,18,24  10,13,14,15
CSP  SGM+ Uncertain 13 16
CSP  SGM+ G2 Allelic 14,16 15,16,17,18 10,11,12,13 17,18,25  10,12,13,14,15
CSP  SGM+ Uncertain 15 9 16,19
CSP  SGM+ H2 Allelic 14,15,16,17 14,16 10,11,12,13 17,18 10,13,14,15
CSP  SGM+ Uncertain 15 25
CSP  SGM+ B3 Allelic 14,15,16,17,18 14,15,16,17,18,199,10,11,13 17,18,20,25 10,12,13,14,15

Q SGM+ Uncertain 13 12 24 /

e Reference File

Individual known/queried D3 vWA D16 D2 D8 D21
Suspect queried 14,16 14,17 11,13 18,24 12,14 28,31.2
Victim known 15 16,20 9,11 23 12,13 28,33.2
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Allelic and Uncertain peaks
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Data provided by forensic scientist

Crime scene profiles (CSP)
ru
n__ status 03 VWA 6 D2 [ nzl mu e THIN Fiin
1 cemain J4516,17,18  MUSI6LTIE 10001203 (7082 10.03,14,15 2726322 12.13,14.17 13,14 6,7,5.93 211325
- urcertain 13 14 1,16 12 026
2 penain 14,16 15,16,17,18 1,11,12,13 17,1825 I0LIL 15,0405 ZE30.30,30.2322 16,17 13,14,15 A789 19.21.22,2%
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Alleles that are replicated, nmreplicaved o in the ciime scene profile, using the certain designations only.
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Allele report (continued)

COUHtS

z- M replicated
l l o
DIG 019 ’G;\ T

Ioci
The number of ‘certain' alleles that cannot be attributed to the known profile(s).

Unusual alleles

source locus allele EAlfreq EA3.freq EA4.freq error
Crime scene uncertain D3 13 5 7 0 -
Crime scene uncertain DIS 1l 10 ] 6 -

Alleles are automatically checked against the database. An error will be reported if an allele is absent from the database, or present more than once, or if a locus
is absent,

Approximate representation

Contributor Repl Rep2 Rep3 Repd Total
Q 100 100 94 100 99
K 61 61 50 78 62
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Allele report (continued)

The fraction of an individual's alleles (as a percentage) that have been designated as ‘certain' alleles in each replicate. This estimate is not used by likeLTD, and is
intended o assist informal assessments of possible known contributors to the CSP. A more formal approach is to do a likeL'TD run to compute the likelihood
ratio (LR} For that individual comrbutor,

Suggested parameter values

nllnknowns doDropin Hecommendation
2 FALSE recammended

Recommended values for 'nUnknowns', choose from 0,1 or 2 (likeL TD automaticall y adds and additional unknown X 1o the defence hypothesis in place of the
queried profile OF).

Recommended values for 'doDropin, choose from 'TRUE or FALSE'

All the atiributable alleles must sither come from an unknown or dropin.

System information

Type Details

Date report Fri Aug 01 09:07:22 2014

generated:

Package likeLTLy

Title Tools 1o determine DNA profile evidence,

Description Tools to determine DNA profile Weight of Evidence. For further information see the likeLTD guide at the URL provided, or the paper
under citation.

Depends R (= 2100, DEoptim, ggplet2, gools, rf

Suggests svLinit, scales

Imports gdata, tools, otk

Version 5.4.0

Dhate 201303-15

Author David Balding, Adrian Timpson, Christopher Steele, Mayeul d' Avezac, James Hetherington.

Maintainer Christopher Steele <c.steede. | 1@ucl ac.uk>

License GPL-3

LIRL https:/izites. google.comisite/baldingstatisticalgenatics’
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Evaluation report

CFS-920055-14-ver5.4-Evaluation-Report
CFS-920055-14-ver5.4

Prosecution Hypothesis: Q (Q) + K+ 2U

Defence Hypothesis: Unknown (X) + K + 2U
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Evaluation report (continued)

The fraction of an individual's alleles {as a percentage) that have been designated as “certain' alleles in each replicate. This estimate is not used by likeLTD, and is
intended to assist informal assessments of possible known contributors to the CSP. A more formal approach is to do a likeL T run to compute the likeliheod
ratio (LR for that individual contributor,

Likelihoods at each locuas
Likelibhood 03 VWA D6 [iH D& ] iR [TE] THI FGA
Prosecubon. log 0 -LA43 -4.427 -1Z16 ENET] -1.7%1 i G A4 377 <054 -1 503 4713
Diarfiersca:. bag 10 -3.432 -5615 -3 A -+ 444 -290% R 4455 =5.700 -X03% ~5.8Z1
Ratwir log 10 .98% 1187 1,188 | 2 1.241 1.320 Ooyg 0265 1.5317 11408
Ratin 9739 15,397 154407 1934 17.432 EYRE 1.19% 0543 3441 12827
Overall Likelihood
calculation eslimate
Prasecution log 0 -4 568
Diefence. lag 11 «50,437
Ratio.log1d B.RAGD
Ratio TI9IRTAS

Theoretical maximum LR

calculation estimate
likelihood eatio 1001547004030
Logld likelihood rafio 13,038

Dropout and degradation parameter estimates
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Input required using R interface

> regquire (1likeLTD)
Loading required package: 1ikeLTID
Loading required package: DEoptim

DEoptim package
Differential Evolution algorithm in R
Authors: D. Ardia, K. Mullen, BE. Peterson and J. Ulrich

Loading required package: ggplot?
Loading required package: gtools
Loading required package: rtf
zetwd ("P:/Projects/Active/Complex DHA profile interpretation using likelLID software/
datapath <- "."
admin <- pack.admin.input |
cspFile = "C5Pl.csv",
refFile = "References.csv",
databaseFile = "Cellmark NDNHAD-allele-fregs-DNALT w2 (3GM PLUS ONLY)-wbpl.txt",
cazeName = "C5P1 batch test"”
J
agllele.report (admin)

>

>

>

+

+

+

+

+

>

>

> args <- list|
+ nUnknowns = 0,

+ doDropin = FALSE,
+ ethnic = "EA1",

+ adj = 1,

+ f=t = 0.02,

+ relatedness = c(0,0)
+ )

>
>
>
>
>
>
>
>

hypP <- do.call (prosecution.hypothesiz, append{admin,args))
hypD <- do.call (defence.hypothesis, append{admin,args))

paramsP <- optimisation.params (hypF)
paramsD <- optimiszation.params (hypD)

results <- evaluate (param=P, paramsD, progBar = FALSE, interim = FALSE)
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P:/ProjectsfActivefComplex DNA profile interpretation using likelTD' ... |Z||E||z|

File:

—
Cellmark»
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Copyright (T3 2013, Orchid Cellmarik,
Pbingdon Business Park, Abingdon, Oxon 0X14 10Y
Thiz zoftware iz deweloped az 3 PRIVATE COPY
for Cellmark under the terms of the GHU GPL
NOT FOR DISTRIBUTION OUTSIDE CELLMARE

Sek Direckory |
Zase Nare: |C5P.T"
Frequency database: |P:IPrnjectsp’Activep’Compl- EAl W
File of CSP alleles:  |CSP7.csv
File of Reference profiles:  [References. csv
Genetate initial allele report
Unprofiled contribs {PH)
Mumber of unprofiled conkributors |1
IBD (1) IBD (2)
Relationship {DH) | 0
{3 ko first known contributor)
Dropins: r
Coancestry coefficient (Fst): |D.E|2
Seed: 42
Caloulate | Exit |
aTATUS: Ready

IDENTIFICATION

INTERPRETATION INNOVATION
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likeLTD validation

e Establishing that GUI did not affect results

e Repeat tests published by Balding

e Additional testing

e Validated under ISO 9001 certification
e Planning to add to ISO 17025 scope
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Tests from likeLTD guide

CSP1 Full profile match to reference Q, single contributor

CSP2 The two replicates of CSP2 differ from reference Q due to
1 drop in and 2 dropouts

CSP3 One further drop in and two more dropouts have been
introduced

CSP4 Two contributors: All the alleles of both contributors
present in both replicates with no drop in or dropout

CSP5 Introduces random 50% dropout for the alleles of
unknown 1 (U1) not shared with Q

IDENTIFICATION INTERPRETATION INNOVATION
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Tests from likeLTD guide (continued)

CSP6 The opposite situation is considered where there is 50%
dropout of the alleles of Q not shared with U1l

CSP7 In addition to the 50% dropout for the alleles of Q, 50% of

the alleles of U1 generate stutter peaks that are classified
as uncertain

CSP8 Random 50% dropout affects both the alleles of Q and U1
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Additional validation tests

e Effects on the LR value of increasing levels of Fst for
Caucasian, Afro Caribbean and Asian frequency databases +
comparison against the reciprocal of the match probability
calculated using Cellmark’s in house software

e Effect of analysis assuming the defence scenario that the
donor of the DNA is the suspect’s brother

e Effect of using an incorrect number of contributors
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Additional validation tests (continued)

e Comparison of likeLTD against Mixture Analyser software

e Comparison of likeLTD against another probabilistic software
package (STRmix)

e Effects of using the “uncertain” option for allele calls and
varying the number of replicates

e Random reference profiles compared against crime scene
stain

— Single contributor

— Two contributors
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Effect of increasing the number of uncertain and negative loci

Reference Q vs. CSP4 - Effect of incresing number of uncertain
and negative loci

Z
6
5
0
C
© 4 .
o —e— Uncertain alleles
a4 .
- —=— Negative alleles
o 3
(@]
|

None D3 D3,D21 D3,D21,FGA
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Effect of increasing numbers of replicates

Reference Q vs. CSP4 with 3 neg/uncertain alleles calls.
Effect of increasing numbers of replicates

=—D3,D21,FGA

Log LR (Bans)

3 loci negative 3 loci uncertain - 1 3 loci uncertain - 2 3 loci uncertain - 3
replicate replicates replicates
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Two person mixtures with reference profile excluded

Two Person mixtures with Reference profile excluded

O logLR +dropin
B logLR no dropin

© »® A N O N

-10

Log LR (Bans)

12
-14
-16

-18

mixture profiles + reference

IDENTIFICATION INTERPRETATION INNOVATION



—
Cellmark >

Forensic Services

Advantages of likeLTD

e Provides an objective LR value in complex cases

e Canincorporate replicate PCR runs
e Freely available open source software
e Theoretical aspects published in peer reviewed journals

e Evidence successfully presented in court

IDENTIFICATION INTERPRETATION INNOVATION



—
Cellmark >

Forensic Services

Casework issues

e Limited to a maximum of 2 unknown contributors under Hp

e Memory requirements increase significantly with more loci

e Complex profiles can take several days to analyse on a
standard desktop PC

e Can be difficult for non “R” code users
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likeLTD publications

Forensic Science International: Genetics 13 (2014) 82-89

g g g o Contents lists ilable at Sci Direct
Forensic Science International: Genetics et T IS

Violume 4, Issue 1, December 2009, Pages 1-10 Forensic Science International: Genetics

SEVIER

t' EE\IR journal homepage: www.elsevier.com/locate/fsig

Verifying likelihoods for low template DNA profiles using (!)ONM

Interpreting low template DNA profiles multiple replicates

David J. Balding™ & & John Buckleton® Christopher D. Steele **, Matthew Greenhalgh®, David J. Balding*
* Department of Epidemiclogy and Fublic Health, Imperial College, St Mary's Campus, Norfolk Flace, London W2 1PG, UK 3UCL Genetics Institute, Darwin Building, Gower Street, London WCTE 68T, UK

- b, iimark il il /, Abls 0X14 1YX, UK
* ESR Private Bag 02021, Auckiand, New Zealand ol Cellepark i Abfngeion Bustess ek locklarels W/ Abingson

) A
Proceedings of the National Academy of Sciences of the United States of America k (Y

(CURRENT ISSUE // ARCHIVE NEWS & MULTIMEDIA FOR AUTHORS // ABOUT PNAS COLLECTED ARTICLES BROWSE BY TOPIC

EARLY EDITION

A= Cumrentlssue = vol. 110n0.30 =  David J. Balding, 12241-12245 [ PNAS Ihlisjls?‘sggﬁ
]
CrossMark voly11fl no. 30
. click for updates . X
; Masthead (POF)

Tahle of Contents

Evaluation of mixed-source, low-template DNA profiles in
forensic science

David J. Balding’

o Published online before print July
Author Affiliations = 1, 2013, dok:

10.1073pnas. 1219739110

PHAS July 23, 2013 vol. 110 no. 30
12241-12246

Edited by Terence P. Speed, University of California, Berkeley, CA, and accepted by the Editorial Board May 31, 2013 (received
for review November 13, 2012)
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likeLTD guide

https //sites.google.com/site/baldingstatisticalgenetics/

File Edit View Favorites Tools Help

<> a5 Q Q Q,Search the document. avw

<A ~

The 1ikeLTD software: an illustrative analysis,

explanation of the model, results of performance tests

and version history

David .J. Balding, Chris Steele
UCL Genetics Institute
Darwin Building, Gower Street
London WCI1E 6BT
d.balding@ucl.ac.uk

March 26, 2014

This version coincides with Release 5-3. which improves the allele and output reports, which now
produce .doc files, with the same functionality as previous reports. These include improved layout and
presentation, and modifications to the allele report. See Sections 1.2 & 1.4.

The previous version (Release 5-2) introduced the function get.likely.genotypes that returns the
most probable genotypes for each locus, and the most probable whole-profile genotype. See Section 1.5
for more information.

3 v Abstract v

H100% v
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likeLTD in court

e |ikeLTD evidence has been accepted without challenge in
more than 10 trials in the UK

e There have been several admissibility challenges (voir dire) -
all rejected

— Evidence was originally ruled inadmissible in the case of R v MDS. At
the subsequent retrial the evidence was again challenged but
accepted
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e |ikeLTD has been introduced into forensic casework following
internal validation

e Provides objective LR values in complex mixture cases

e Evidence has been accepted in UK courts

Currently evaluating fully continuous probabilistic software
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